Extensins are cell wall glycoproteins, belonging to the hydroxyproline-rich glycoprotein (HRGP) family, which are involved in many biological functions, including plant growth and defence. Several reviews have described the involvement of HRGPs in plant immunity but little focus has been given specifically to cell wall extensins. Yet, a large set of recently published data indicates that extensins play an important role in plant protection, especially in root-microbe interactions. Here, we summarise the current knowledge on this topic and discuss the importance of extensins in root defence. We first provide an overview of the distribution of extensin epitopes recognised by different monoclonal antibodies among plants and discuss the relevance of some of these epitopes as markers of the root defence response. We also highlight the implication of extensins in different types of plant interactions elicited by either pathogenic or beneficial micro-organisms. We then present and discuss the specific importance of extensins in root secretions, as these glycoproteins are not only found in the cell walls but are also released into the root mucilage. Finally, we propose a model to illustrate the impact of cell wall extensin on root secretions.
Introduction
Extensins are cell wall glycoproteins belonging to the hydroxyproline-rich glycoprotein (HRGP) family, such as arabinogalactan proteins (AGPs) and proline/hydroxyproline-rich proteins (PRP). They are O-glycosylated on specific serine-(hydroxyproline) 4-5 motifs of the protein core (see glycan structure in Supplementary Fig. S1 at JXB online); O-glycosylation is carried out in the endoplasmic reticulum (ER) and the Golgi apparatus. In the ER, the proline residues are first hydroxylated by prolyl-4-hydroxylases (P4Hs) (Velasquez et al., 2011; Fragkostefanakis et al., 2014) before transfer of a galactose residue to the serine residue by serine-galactosyltransferase 1 (SGT1) (Saito et al., 2014) . Then, in the Golgi, several arabinose residues are sequentially added onto the hydroxyproline residues. The first arabinose is added by hydroxyproline arabinosyltransferases 1 to 3 (HPAT1-3) (Ogawa-Ohnishi et al., 2013) , the second by reduced residual arabinoses 1 to 3 (RRA1-3) (Egelund et al., 2007) , the third by xyloendoglucanase 113 (XEG113) (Gille et al., 2009) , and the fourth by extensin arabinose deficient transferase (ExAD) (Velasquez et al., 2012; Møller et al., 2017) . To date, the glycosyltransferase that transfers the fifth arabinose has not been determined.
O-glycosylation is required for the intra-and/or intermolecular cross-linking of extensin through isodityrosine, pulcherosine, or di-isodityrosine linkages (Smith et al., 1986; Held et al., 2004; Lamport et al., 2011) , by providing the correct conformation to the glycoprotein (Schnabelrauch et al., 1996; Chen et al., 2015; Velasquez et al., 2015) . This cross-linking is catalysed by specific extensin peroxidases; however, only a few of them have been identified and characterised so far (Brownleader et al., 1995; Schnabelrauch et al., 1996; Price et al., 2003; Dong et al., 2015) . Extensins can interact with other cell wall components such as pectins (MacDougall et al., 2001; Nuñez et al., 2009; Valentin et al., 2010; Leroux et al., 2011; Yu et al., 2011; Neumetzler et al., 2012; Chormova and Fry, 2016) and hemicelluloses (Gille et al., 2009) , thus can substantially impact on the overall architecture and structural organisation of the cell wall.
It is well known that extensins display significant structural variation, and in addition there are hybrid-extensins and extensin motif-containing proteins, as reviewed by Borassi et al. (2016) . Furthermore, the diversity of extensins is related to some extent to the diversity of organisms within the plant kingdom, as shown by an interesting bioinformatics study performed by Liu et al. (2016) . In this study, the authors analysed and classified extensins from sequenced genomes of algae, bryophytes, lycophytes, gymnosperms, monocots, and various eudicots. They showed that the structure of extensin differs among different major taxonomic groups, suggesting that structural modifications may be associated with major evolutionary events including plant vascularisation and terrestrialisation (Liu et al., 2016) .
Using immunocytochemical techniques together with genetic approaches, the presence of extensin, extensin genes, and/ or extensin epitopes has been reported to occur ubiquitously within plants (Table 1) . Extensins are involved in a wide range of processes such as embryo development (Hall and Cannon, 2002; Zhang et al., 2008) , root hair growth (Ringli, 2010; Velasquez et al., 2011 Velasquez et al., , 2015 , cell wall assembly and structure (Cannon et al., 2008; Lamport et al., 2011; Pereira et al., 2011; Chormova and Fry, 2016) , and biotic and abiotic stress responses (Merkouropoulos and Shirsat, 2003; Deepak et al., 2010; Sujkowska-Rybkowska and Borucki, 2014; Zhang et al., 2016) . In recent years, many of these biological functions, especially the structural role of extensins in plant cell walls, have been extensively investigated and reviewed (Lamport et al., 2011; Velasquez et al., 2012; Hijazi et al., 2014) . In contrast, the involvement of extensins in plant defence has been relatively much less well documented (Deepak et al., 2010; Rashid, 2016) , although recent reports have revealed the importance of extensins in plant protection against pathogens. In this review, we summarise the current knowledge on extensin involvement in biotic stress, focusing specifically on root-microbe interactions, and propose a model to explain the effect of cell wall extensins on root secretions.
Extensin epitopes as potential defence markers
Extensin epitopes have been detected in a large spectrum of plants using commercially available specific monoclonal antibodies (mAbs) including LM1, JIM11, JIM12, JIM19, and JIM20 (Smallwood et al., 1994 (Smallwood et al., , 1995 Knox et al., 1995; Wang et al., 1995) . These mAbs are powerful tools to detect and localise extensin epitopes, although to date the structure that is recognised, typically a short sequence of sugar residues (known as the epitope), remains largely unknown. Recently, a novel anti-extensin monoclonal antibody, LM3, has been used in several studies. The epitope recognised by LM3 was detected in Pisum sativum (pea) roots and exhibited a strong signal as compared to immunolabelling with the mAb LM1 (Mravec et al., 2017) . The epitope recognised by LM3 was also reported to occur in extracts from Buxus sempervirens (box), Viscum album (mistletoe), Arabidopsis thaliana, Solanum lycopersicum (tomato), and Taiwania cryptomerioides (a conifer), based on immuno-glycan microarray analyses . In these extracts, the LM3 signal pattern was similar to that obtained with JIM20 but differed from the pattern obtained with JIM11 and JIM12. Currently, little information is available for LM3 compared to the other mAbs known to recognise epitopes associated with extensins. In Fig. 1 and Supplementary Table S1 we give an overview of the epitope distribution for each mAb according to the current literature. The LM1, JIM11, JIM12, and JIM20 epitopes appear to have widespread occurrence in various plant species and tissues with differences at the organ level observed between species. For instance, although the JIM12 and LM1 epitopes were detected in roots of A. thaliana (Velasquez et al., 2011; Plancot et al., 2013; R. Castilleux et al., unpublished results) , these epitopes could not be seen in the roots of Benincasa hispida (wax gourd) (Xie et al., 2011) and Musa species AAA (banana) (Wu et al., 2017) . A few studies have used the JIM19 mAb and the associated epitopes have been localised only in a few cases, including in rice callus extracts (Desikan et al., 1999) and roots of Daucus carota (carrot), P. sativum, and Allium cepa (onion) (Casero et al., 1998) . Interestingly, the signal intensity and/or epitope distribution of LM1, JIM11, and JIM20 were reported to differ in response to various stresses, specifically elicitation, wounding, and pathogen inoculation, or following enzyme treatments that can also result in release of potential elicitors/DAMPs (damage-associated molecular patterns) (Fig. 1, Supplementary Table S1 ). These results suggest that extensin epitope exposure/recognition can be modified in response to different treatments, implying a remodelling of extensin structure and/or its interaction with other components within the cell wall. This emphasises the importance of extensins in plant immunity and suggests that epitopes recognised by the mAbs LM1, JIM11, and JIM20 could serve as markers of plant defence response, as previously proposed for JIM11 in the Musa-Fusarium oxysporum pathosystem (Wu et al., 2017) . In contrast, based on the data currently available, epitopes recognised by the mAbs JIM12 and JIM19 appear to be less promising markers of such a response. Ahn et al. (1996) Extensins in plant defence
Extensins have been found to be involved in various plant interactions (Table 2) such as plant parasitism, symbiosis, or pathogenic attacks by bacteria, fungi, oomycetes, and nematodes. In many cases, extensin epitope distribution and extensin gene expression are modified. In the case of plant parasitism, epitopes associated with extensins were detected in both the host plant Pelargonium zonale (horseshoe pelargonium) and the parasite haustoria of Cuscuta reflexa (dodder) (Striberny and Krause, 2015) . Labelling with the mAbs JIM11, JIM12, and JIM20 was observed predominantly within the site of infection but was not observed, or only weakly, in uninfected areas, indicating the importance of extensins for both the host and the parasite in this type of interaction. Thus, it is likely that extensin structure and/or biosynthesis are altered specifically in infected areas during the interaction. Extensins have also been described to be involved in response to physical stresses (e.g. wounding). Indeed, up-regulation of extensin gene transcripts has been reported in wounded roots of Glycine max (soybean) (Ahn et al., 1998) and Musa species (Wu et al., 2017) , and wounded tubers in Solanum tuberosum (potato) (Neubauer et al., 2012) . In Musa, the overexpression of extensin genes was coupled with an increase in fluorescence intensity when the roots were immunolabelled with the JIM11 and JIM20 antibodies. Similarly, removal of leaves of Brassica campestris (field mustard) was shown to lead to the induction of JIM12 and JIM20 signals in petioles (Davies et al., 1997) . In A. thaliana, GUS analysis showed increased expression of the ext3 gene specifically at the wounded sites of leaves (Hall and Cannon, 2002) , whereas expression of the ext1 gene was induced in localised areas where stems and leaves were wounded (Merkouropoulos and Shirsat, 2003) . Thus, overexpression of extensin genes in response to physical stress could result in an increase of the biosynthesis and secretion of extensins into the cell wall, making it stronger and more resistant to induced damage.
In plants, defence responses can be induced through the application of molecules acting as elicitors, including MAMPs (microbe-associated molecular patterns), DAMPs, and hormones (Table 2 ). When A. thaliana seedlings were treated with either salicylic acid or methyl jasmonate, two hormones involved in plant defence, GUS analysis revealed the induction of the ext1 gene throughout the plant (Merkouropoulos and Shirsat, 2003) . Similar results were reported for leaves of Nicotiana tabacum (tobacco) treated with various hormones including salicylic acid, abscisic acid, and ethylene, in which microarray analysis showed induction of an extensin-like gene (Zhang et al., 2016) . Interestingly, Jackson et al. (2001) found that treatment of Fig. 1 . Overview of the distribution of the epitopes recognised by the anti-extensin monoclonal antibodies LM1, JIM11, JIM12, JIM19, and JIM20. References and additional information on the epitope response to treatment, stress and/or infection are presented in Supplementary Table S1 .
callus cultures of grapevine (Vitis vinifera) with a mycelium extract enriched in wall glucans from the oomycete Phytophthora megasperma led to strengthening of the cell wall by insolubilisation of the extensin GvP1. In contrast, this effect was not observed when the callus cultures were treated with salicylic acid (Jackson et al., 2001) .
The role of extensins in response to pathogen attack has also been investigated in a range of plant species (Table 2 ). In the 1970s, Esquerré-Tugayé and collaborators quantified hydroxyproline tri-and tetra-arabinosides of extensin in the cell wall of Cucumis melo (musk melon) infected with the fungus Colletotrichum lagenarium and found a significant increase of these fragments in infected plants (Esquerré-Tugayé and Mazau, 1974) . The authors also found a correlation between hydroxyproline accumulation in the cell wall and the development of symptoms in infected plants (Esquerré-Tugayé et al., 1979) .
In addition, treatment of C. melo seedlings with ethylene caused a rise in HRGP levels and a reduced susceptibility to the disease. More recently, tissue printing techniques, that enable localisation of epitopes, revealed that JIM11 epitopes were induced in petioles of B. campestris inoculated with Xanthomonas campestris (Davies et al., 1997) . Induction was stronger when X. campestris strains with an incompatible interaction were used. This pathogen was also employed by Merkouropoulos and Shirsat (2003) on A. thaliana seedlings. GUS and northern blot analyses revealed higher expression of the ext1 gene in inoculated seedlings, specifically at the infection sites. Interestingly, when this same gene was overexpressed in A. thaliana plants, infection with Pseudomonas syringae DC3000 resulted in fewer symptoms than in nonoverexpressing plants (Wei and Shirsat, 2006) . The authors pointed out that although plants overexpressing the ext1 gene were infected, the spread of the pathogen was largely 
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Chitin, yeast extract, glucan from Phytophthora megasperma mycelial walls Insolubilisation of extensins Jackson et al. (2001) limited. Likewise, overexpression of an extensin-like gene in S. lycopersicum resulted in a reduction of symptoms induced by Clavibacter michiganensis (Balaji and Smart, 2012). Taken together, these studies emphasise the fact that extensins play an important role in plant defence through strengthening the cell wall, facilitating attachment of symbiotic organisms, preventing tissue damage, or limiting pathogen invasion and propagation. Nevertheless, most of these studies have been conducted on aerial parts of plants whereas recent work has highlighted the fact that the immune response can differ between leaves and roots (Attard et al., 2010; Balmer et al., 2013) . In addition, RNAseq data from A. thaliana grown under normal conditions (i.e. without biotic or abiotic stresses) reported by Widman et al. (2014) showed that a significant number of genes (2424) differed in their expression between shoots and roots. Interestingly, the authors observed that among the root-overexpressed genes, at least nine encoded extensin proteins, suggesting specific roles of these glycoproteins in root tissues.
Extensins in root-microbe interactions
A few studies have described the role of extensins in root symbiotic interactions. A potential involvement of extensins was reported in the P. sativum-Rhizobium leguminosarum symbiotic interaction that occurs in legume root nodules (Reguera et al., 2010; Sujkowska-Rybkowska and Borucki, 2014) . Reguera et al. (2010) used the mAb MAC265, which recognises chimeric AGP-extensins (AGPEs) (VandenBosch et al., 1989; Pattathil et al., 2010) , to perform western blots on P. sativum nodules. Stronger intensity of a band coupled with the appearance of a new specific band were detected in nodule fractions infected with R. leguminosarum compared to fractions obtained from non-infected nodules. Moreover, immunolabelling with the MAC265 antibody was weaker in the absence of boron, a central element for the dimerisation of the rhamnogalacturonan II (RG-II) in the cell wall (O'Neill et al., 2001) . The authors proposed that AGPEs could interact with RG-II, thereby reinforcing the cell wall within the infection thread. Interestingly, extensins were recently hypothesised to act as chaperones for RG-II, enabling the dimerisation of the latter through borate diester bridges (Chormova and Fry, 2016) . This further supports the hypothesis that extensins may be used as templates for pectin assembly in muro, which is essential for cell wall structure and function. The occurrence and distribution of extensin have also been investigated in the symbiotic interaction between P. sativum and R. leguminosarum by using immunolabeling with the LM1 antibody (Sujkowska-Rybkowska and Borucki, 2014). The authors clearly showed the presence of LM1 epitopes (associated with extensins) in infected nodules and argued that extensins might be involved in the attachment of Rhizobium to nodules.
Other studies have also given suggestive evidence for the involvement of extensins in root-pathogen interactions. Firstly, it is important to note that the ext1 gene described earlier as involved in plant defence responses is predominantly expressed in roots (Merkouropoulos and Shirsat, 2003) . Niebel et al. (1993) performed RNA gel blot analysis on N. tabacum infected by the root knot nematode Meloidogyne javanica for 1 or 2 weeks and found that an extensin gene, Pext8, was strongly induced. Moreover, immunostaining with an anti-extensin antibody on root sections showed a stronger signal in the infected tissue, and TEM observations showed that extensin epitopes were predominantly localised within the cell wall and in the intercellular space of cells in contact with, or close to, the pathogen location. This suggests reinforcement of the cell wall through cross-linking of extensins in response to the pathogenic infection in order to limit its propagation. Immunolabelling carried out on roots of Musa species and B. hispida revealed the presence of epitopes, recognised by the mAbs JIM11 and JIM20, associated with extensins (Xie et al., 2011; Wu et al., 2017) . In roots of Musa species, the JIM11 fluorescence intensity was enhanced following inoculation with F. oxysporum (Wu et al., 2017) , whereas in roots of B. hispida the majority of the signal vanished after treatment with fusaric acid or infection by F. oxysporum (Xie et al., 2011) . In addition, this treatment and inoculation triggered a concurrently stronger signal in the phloem and the appearance of signal localised to the rhizodermis (Xie et al., 2011) . These unexpected results were subsequently corroborated by immunolabelling observations on roots of A. thaliana and Linum usitatissimum (flax) made by Plancot et al. (2013) : specifically, LM1 epitopes were found to be associated with the cell wall of root border-like cells (BLCs). BLCs are living cells derived from root caps and are known to be released into the rhizosphere and to be involved in the protection of the root from pathogenic attack (Hawes et al., 2003; Vicré et al., 2005; Driouich et al., 2010) . Plancot et al. (2013) also showed that upon treatment of the roots with the bacterial elicitor flagellin 22, LM1 labelling almost completely disappeared. The authors hypothesised that elicitation with flagellin 22 induced a significant reorganisation of polymers containing LM1 epitopes, making them inaccessible to the antibody in muro. Such a reorganisation would include extensin network insolubilisation and/or interaction with other components within the cell wall, which would impact the whole wall architecture in response to elicitation. This is in agreement with the results obtained by Jackson et al. (2001) for grapevine callus and supports the hypothesis that extensins have a role in strengthening the cell wall during infection in order to limit pathogen invasion.
Extensins in root secretions
Several reports have shown that extensins are also found in the extracellular medium outside the wall. Kawasaki (1989) detected extensins in the culture medium of N. tabacum suspension cells, suggesting that these HRGPs might be secreted. Extensins and extensin-like molecules were also found to be a constituent of the oleogum resins secreted by roots of Boswellia serrata and B. carteri (Herrmann et al., 2012) . In addition, western blot analysis demonstrated the presence of a protein recognised by the anti-extensin antibody JIM12 in the culture medium of salt-stressed embryogenic cultures of Dactylis glomerata but not in non-stressed cultures (Zagorchev and Odjakova, 2011) . The authors speculated that extensins might be secreted as a response and adaptation to the stress. Similar results were found in the case of simulation of pathogen attack on S. tuberosum (Koroney et al., 2016) . Whereas epitopes associated with extensins were detected at the root surface and in the mucilage, western blotting of exudates including the mucilage gave a much stronger signal with the LM1 antibody after treatment with an elicitor derived from Pectobacterium atrosepticum (Koroney et al., 2016) . This indicates that the root immune response includes an increased secretion of extensins into the extracellular mucilage. Similarly, Plancot et al. (2013) showed that root secretions of L. usitatissimum and A. thaliana contained extensin LM1 epitopes. Immunolocalisation studies with anti-extensin antibodies have indicated the presence of extensin epitopes in the root mucilage of several other species, including Balanites aegyptiaca (Zygophyllaceae), P. sativum, (Fabaceae), and G. max (Fabaceae) (Fig. 2; M. Ropitaux et al., unpublished results;  A. Carreras et al., unpublished results) . Thus, extensins seem to occur in the root mucilage alongside AGPs, pectic polysaccharides, secondary metabolites, antimicrobial compounds, and extracellular DNA (Wen et al., 2007 (Wen et al., , 2009 Driouich et al., 2013; Baetz and Martinoia, 2014; Koroney et al., 2016; Weiller et al., 2017; York et al., 2016) . Together with root cap-derived border cells or BLCs and Fig. 2 . Immunolocalisation of extensin epitopes in root mucilage. Labelling isdetected in root mucilage using the anti-extensin monoclonal antibody JIM12 in Glycine max (A, B) and Pisum sativum (C, D), and LM1 in Balanites aegyptiaca (E, F). Whole-mounts of root tips with border cells were collected, prepared, and immunolabelled as described in Plancot et al. (2013) . Observations were made using Leica SP2 and SP5 confocal laser-scanning microscopes (λ excitation , 488 nm; λ emission , 500-535 nm). other secretions, the mucilage forms the 'root extracellular trap' (RET), a protective network proposed by Driouich et al. (2013) , by analogy with the neutrophil extracellular trap (NET) that occurs in mammals. The RET thus acts to attract beneficial microbes and to 'trap', repel, and/or eliminate pathogens, and hence plays a key role in root defence.
Localisation of extensins in root secretions, and not only within cell walls, is of particular interest as it suggests that these glycoproteins may have other functions in plant defence in addition to reinforcement of the cell wall to limit pathogen penetration. Future research will be required to assess the role(s) of secreted extensins in root defence. Nevertheless, it is tempting to hypothesise that secreted extensins could have a structural role, enabling reinforcement of the mucilage network by interacting with other cell wall components that are quantitatively important components of root secretions, such as pectins. They may also play a role as a scaffolding component within the mucilage. Association between pectins and AGPs has indeed already been demonstrated (Oosterveld et al., 2002; Immerzeel et al., 2006; Cannesan et al., 2012) . Furthermore, several studies have shown that extensins could also interact with pectins (MacDougall et al., 2001; Cannon et al., 2008; Nuñez et al., 2009; Reguera et al., 2010; Valentin et al., 2010; Leroux et al., 2011; Yu et al., 2011; Neumetzler et al., 2012; Chormova and Fry, 2016) . This is supported by immunolocalisation of pectin epitopes in the A. thaliana mutants xeg113 and rra2 that are affected in extensin arabinosylation (Fig. 3) . Using the anti-pectin monoclonal antibody LM19, a signal is observed along the wild-type root surrounded by a thin mucilage. However, the intensity is enhanced and a very thick halo of labelled mucilage is detected in the two mutants, especially in xeg113. Interestingly, abundant mucilage was found to be released by roots of the quasimodo 1 mutant of A. thaliana that is affected in homogalacturonan synthesis (Durand et al., 2009; Driouich et al., 2010) . When homogalacturonan biosynthesis is altered, a dense mucilage enriched in glycomolecules such as AGPs is produced (or released) by root cells. It has been demonstrated that complete arabinosylation of extensins is required for the correct conformation of these glycoproteins, allowing the formation of the cross-links essential for cell wall assembly and organisation (Schnabelrauch et al., 1996; Chen et al., 2015; Velasquez et al., 2015) . In the model proposed in Fig. 4 , we hypothesise that incorrect arabinosylation of extensins in the rra2 and xeg113 mutants alters their conformation, resulting in a modified cell wall architecture and leading to a 'leak' of pectins into the mucilage. However, the possibility of increased secretions of pectins in response to alteration of the cell wall organisation in the mutants cannot be excluded.
Further work will be required to establish precisely how associations occur between extensins and other cell wall components, including pectins. We can also speculate that secreted extensins might play a direct role in the interaction between the root and microbes either by attracting or repelling them, similar to the scenario shown for AGPs Xie et al., 2012; Nguema-Ona et al., 2013) . Nevertheless, in this hypothesis extensins are likely to act differently compared to AGPs, due to their structure. AGPs are indeed highly glycosylated-their glycan part accounting for 90% of their total weight-and are thought to be degraded by various microbes (see review by Nguema-Ona et al., 2013) . By contrast, the moderately glycosylated extensins are known for their insolubility and may not be easily hydrolysed. In any case, secreted extensins are likely to contribute significantly to the protective function of the mucilage, whose composition is remodelled during infection and in response to elicitation. Fig. 3 . Immunolocalisation of pectin LM19 epitopes in root mucilage of Arabidopsis thaliana mutants affected in extensin arabinosylation. Fluorescence is detected with the LM19 anti-pectin monoclonal antibody along the root of the wild-type (A) and the mutants rra2 (B) and xeg113 (C). The signal is more intense in both mutants, especially in xeg113. A halo of mucilage is labelled faintly around the root in the wild-type whereas it is much more clearly evident in the rra2 mutant and is strongly present in the xeg113 mutant. Whole-mounts of root tips and border-like cells were collected, prepared, and immunolabelled as described in Plancot et al. (2013) . Images are 3-D reconstructions of 1-µm section stacks and were obtained using a Leica SP2 inverted confocal laser-scanning microscope (λ excitation , 488 nm; λ emission , 507-550 nm). RA, root apex; BLC, border-like cells; M, mucilage.
Conclusions
The contribution of extensins to plant defence is becoming well established but many challenging questions remain to be answered, including the following. How are extensins incorporated within the cell wall and with what other cell wall polymers are they associated? How do they co-ordinate the assembly of the cell wall? Is the diversity of extensin structures related to specific functions in the context of root defence? Why do extensins also occur in root mucilage, and how do they contribute to its organisation and function? Do they have specific roles in roots, especially in root-microbe interactions (pathogens versus beneficial associations)? In conclusion, extensins appear to be of particular importance in root immunity and, via some of their carbohydrate epitopes, they could serve as markers of the specific immune response, which would depend on the species, tissues, elicitors, and/or microbes. Clearly, the impact of extensins on the structural and functional properties of the cell wall and mucilage in relation to root defence is a challenging issue that is currently underresearched. But investigating the role of extensins in this context can give us greater understanding of cell wall dynamics and the involvement of secreted mucilage in root defence, and can potentially open new avenues for the control of pathogens.
Supplementary data
Supplementary data are available at JXB online. Table S1 . Localisation of epitopes recognised by the antiextensin monoclonal antibodies LM1, JIM11, JIM12, JIM19, and JIM20. Fig. S1 . Extensin glycosylation. lines the carinal canals in Equisetum ramosissimum, which may function as water-conducting channels. Annals of Botany 108, 307-319. 
